Three experiments were conducted to determine the efficacy of limit-feeding corn-based diets as an alternative to hay for beef cows in gestation and early lactation. Seventy or 71 mature, pregnant Simmental crossbred cows (average weight = 589 ± 10 kg) were used in each trial. Each of 29 or 30 cows was fed approximately 5 kg of whole shelled corn, 1.2 kg of a pelletted supplement, and 1 kg of hay daily from November to April to meet nutritional needs for gestation. The remaining 41 cows were fed firstcutting round-baled hay free choice. Cows with ad libitum hay intake consumed approximately twice as much feed as cows limit-fed the corn-based diet. Body weight change during the winter was not affected ( P > .10) by feeding system in Trials 1 and 2. Limit-feeding the corn-based diet had no detrimental effects on subsequent cow performance or conception rate or on calf weaning weight following summer grazing on pasture. The cost to feed a cow hay was nearly double that of limit-feeding the corn-based diet.
Introduction
Hay is the most common feed used for wintering beef cows. However, hay frequently costs 50 to 100% more than corn, per unit of energy. Therefore, it may be economically advantageous to use corn rather than hay to meet the energy requirements of beef cows. It is theoretically possible to program intake of a cornbased diet to meet energy requirements for gestation and lactation. Restricted feeding of high-grain diets has been used in backgrounding systems for growing beef cattle (Loerch, 1990) and for gestating and lactating ewes (Susin et al., 1995a,b) . However, this strategy has not been investigated previously for wintering pregnant beef cows. The objectives of these trials were to determine the effects of limit-feeding a corn-based diet to gestating beef cows on cow production, subsequent reproductive performance, calf performance, and daily feed costs. Effect of monensin on performance of gestating heifers fed corn-based diets also was determined.
Experimental Procedures
Trial 1. In November 1991, approximately 3 wk after weaning, 71 mature, pregnant Simmental crossbred cows (average weight = 589 ± 10 kg) were used to compare hay and limit-fed corn as sources of energy for wintering beef cows. The trial was conducted at the Coshocton Branch of the Ohio Agricultural Research and Development Center. The cows were allotted to two groups such that each group had a similar weight and age. Thirty cows were wintered in a 2-ha drylot and were fed approximately 4.5 kg of whole shelled corn and 1.2 kg of a pelletted supplement per cow per day. The amount of corn provided was increased to 5.4 kg/d from January through April to compensate for energy needs in cold environmental temperatures and increasing cow requirements in late gestation and early lactation. Square-baled hay was also fed (1.2 kg·cow −1 ·d −1 ) to ensure that rumen health was not compromised. Cows were fed hay and grain once daily, and .6 m of bunk space was provided per cow. A 4-d adjustment period in which hay was gradually decreased was used to acclimate cows to the corn-based diet. Composition of the supplement is provided in Table 1 (monensin was not fed in Trial 1). Diets were formulated to meet or exceed cow nutrient requirements (NRC, 1984) . The remaining 41 cows were fed round-baled hay free choice in a hay rack. Hay bales were weighed prior to feeding. Hay intake data reported reflect hay that was offered because this represents the cost of feed. Hay wastage was approximately 10%, but this was not quantified. Hay was primarily first-cutting orchardgrass with a small amount of alfalfa present. Hay was approximately 75% NDF and 10.2% CP. Cows fed hay were provided with ad libitum access to a salt and mineral mix (29.5% trace mineralized salt, 25% dicalcium phosphate, 25% magnesium oxide, 10% limestone, 10% ground shelled corn, .5% ethylene diamine-dehydroiodide, and 50 ppm selenium). Cows calved between March 3 and April 16. Hay-fed cows were wintered in a 21-ha pasture adjacent to the 2-ha drylot where corn-fed cows were wintered. The pasture was dormant during the trial and available forage was removed by grazing prior to the initiation of the trial. Dietary treatments were maintained until the 3rd wk of April, when spring pasture was available. All cows had calved by this time. Cows were pastured in three groups from the 3rd wk in April until weaning. The cows that were limit-fed corn in the winter were pastured together. Due to pasture size constraints, the hay-fed cows were divided into two groups and were pastured on two additional pastures. Stocking rate was .46 ha/cow for all groups. Pastures were predominately orchardgrass and pasture management throughout the summer was similar for all pastures. Cows were weighed and condition-scored monthly from November until April. April weight was made after all cows were on pasture for 5 d to equilibrate potential differences in gut fill. Condition score ranged from 1 to 5, with 1 being thin and 5 being fat. Condition was scored by the same individual at each weighing. Calf birth weight was measured to determine whether gestation diet affected birth weight. Cows were exposed to bulls in June and July for a 45-d breeding season. Conception rates were determined by palpating cows in September to evaluate any residual effects of gestation diet on reproductive performance. Weaning weight of calves was determined to evaluate any residual effects of gestation diet the previous winter on subsequent calf performance.
Trial 2. Trial 2 was initiated in November 1992
with 70 mature, pregnant Simmental crossbred cows (average weight = 616 ± 12 kg). Twenty-nine cows were fed a corn-based gestation diet and 41 cows were wintered on round-baled hay as described for Trial 1. Cows in Trial 2 were the same as those used in Trial 1 (except for replacements) and remained on the same wintering treatment they were assigned to in Trial 1. All procedures in Trial 2 were the same as those for Trial 1 except for the following: 1 ) hay was fed at .8 kg·cow −1 ·d −1 to the limit-fed group, 2 ) the supplement contained monensin (provided courtesy of Elanco Products, Greenfield, IN) (provided 200 mg·cow −1 ·d −1 ) to reduce the potential for acidosis (Bergen and Bates, 1984) , 3 ) cows fed the corn-based wintering diet and the hay diet were equally allotted to three pasture grazing groups during the grazing season to eliminate any potential pasture effects on weaning weight of calves, and 4 ) hay was approximately 68% NDF and 9.5% CP.
Trial 3. Trial 3 was initiated in November 1993
with 71 mature, pregnant Simmental crossbred cows (average weight = 616 ± 11 kg). Cows in Trial 3 were the same as those used in Trial 2 (except for replacements) and remained on the same wintering treatment they were assigned to in Trial 2. All procedures followed were the same as in Trial 2 except 30 cows were fed the corn-based wintering diet, hay was fed at 1 kg/d, and corn intake was increased to 6.4 kg·cow −1 ·d −1 from February to April to offset extremely cold winter temperatures. Hay was approximately 72% NDF and 9% CP.
Trial 4. Twenty-six Simmental-Angus crossbred heifers (average weight = 453 ± 7 kg) were used to determine the effect of supplementing corn-based diets with monensin on performance of gestating heifers. Pregnant heifers (bred during a 45-d breeding season) were allotted by weight to two groups and were fed 1 kg of supplement DM that contained no monensin or monensin to provide 200 mg monensin·cow −1 ·d −1 (Table 1 ). In addition to the monensinfree supplement (control), heifers were fed .8 kg of square-baled hay and 4.8 kg of whole shelled corn per cow per day (DM basis). Heifers fed monensin supplement were fed .8 kg of square-baled hay and 4.3 kg of whole shelled corn per cow per day. Because monensin improves the efficiency of feed utilization (Bergen and Bates, 1984) , heifers fed monensin were fed 10% less corn than control heifers. This was done in an attempt to equalize net caloric intake between treatments. Diets were formulated to meet or exceed nutrient requirements of gestating heifers (NRC, 1984) . Both supplements were pelletted and heifers were fed once daily in bunks that provided .6 m of bunk space per heifer. The trial lasted 84 d and was terminated 20 d before the beginning of the calving season. Heifers were weighed before feeding at 28-d intervals throughout the trial. Corn intake was increased to 4.8 kg/hd for the monensin-supplemented heifers on the last 2 d of the trial to prevent gut fill differences between treatments when final weights were measured.
Trial 5. Thirty Simmental-Angus crossbred heifers (average weight = 493 ± 8 kg) were used to determine the effect of supplementing corn-based diets with monensin on performance of gestating heifers. All procedures were the same as those used in Trial 4 except that the 84-d trial was terminated 26 d before the beginning of calving season and heifers in control and monensin-supplemented groups were fed the same amount of feed DM daily (.9 kg of hay, 1 kg of supplement, and 5 kg of whole shelled corn). For all trials, research protocols concerning animal care followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (Consortium, 1988) .
Statistical Analysis. Cow and calf performance traits were analyzed as a completely randomized design using the GLM procedure of SAS (1991). Treatment was the main effect and individual animals were used as the experimental units.
Results
Trial 1. Results of Trial 1 are reported in Table 2.
Cows that were limit-fed corn gained an average of 2 ± 39 kg from November to April and those fed hay lost 14 ± 28 kg ( P < .05). Weight change includes losses associated with calving because all cows had calved prior to April weighing. Cows fed hay also lost more body condition than those fed the corn-based diet ( P < .05). Cows fed the corn-based diet consumed 7.1 kg of DM per day and those fed hay had a DM consumption of 14.6 kg/d. Feed costs were $.77 per cow per day for cows fed corn and $1.50 per cow per day for cows fed hay. Feed costs were calculated using the following prices: corn = $.079/kg ($2.00/bu), hay = $.088/kg ($80/ton), and supplement = $.165/kg ($150/ton). Three corn-fed cows went off feed during the winter feeding period. These cows were fed hay for 3 d and then were gradually readjusted back onto the cornbased diet over a 4-d period. Calves born from cows fed the corn-based gestation diet were 4.2 kg heavier ( P < .05) than calves from cows fed hay during the winter. This effect may have been due to increased energy supply to the developing fetus. However, calving difficulty (data not shown) was not affected ( P > .45) by cow diet. Limit-feeding high-grain diets to gestating ewes resulted in increased plasma glucose (Susin et al., 1995b) , and increased fetal glucose supply has been reported to increase lamb birth weight (Stevens et al., 1990) . Calves weaned from cows fed the cornbased diet the previous winter were 19.7 kg heavier ( P < .05) at weaning than calves from cows wintered on hay. However, cows wintered on corn and those wintered on hay were grazed on different pastures. Therefore, it is impossible to determine whether the weaning weight response was due to differences in pasture or could be attributed to the previous winter's gestation diet of the cows. This confounding was eliminated in Trials 2 and 3 by allotting cows to summer pastures such that wintering treatments were equally represented in summer pasture groups. The summer grazing period eliminated any residual effects of the previous winter on cow weight and condition score. Conception rate was not affected ( P > .10) by the cow's diet the previous winter.
Trial 2. Cows that were limit-fed corn from November to April were fed 6.9 kg of DM/d, whereas cows wintered on round-baled hay consumed 13.2 kg of DM/ (Table 3) . Cows fed corn lost more weight during the winter than those fed hay (53 ± 38 vs 23 ± 29 kg, respectively; P < .05). Despite the differences in winter weight change, body condition score was not affected ( P > .10) by gestation diet. The corn-fed cows lost most of their weight from February through calving. It is probable that more weight was lost during the winter in Trial 2 than in Trial 1 because of colder temperatures during late winter months (energy intake was similar between years). The average monthly temperature in February during Trial 2 was −2.4°C, and in Trial 1 average temperature during February was 1.8°C. Average daily winter feed costs were $.74/cow for cows fed corn and $1.36/ cow for cows fed hay. Calf birth weight and weaning weight and cow conception rate and weight and condition at weaning were not affected ( P > .10) by gestation diet the previous winter.
Trial 3. Because cows limit-fed corn in Trial 2 lost more weight than was deemed desirable, corn intake was increased in Trial 3 by about .8 kg·cow −1 ·d −1 (Table 4) . Cows limit-fed corn lost less ( P < .05) weight from November through calving in April than those fed hay ( −22 ± 40 vs −62 ± 32 kg, respectively). Winter temperatures in Trial 3 (1993/1994) were even more severe than during Trial 2. January temperatures in Trial 3 averaged 7C°colder than during January in Trial 2. This factor likely contributed to the losses in cow BW. Body condition scores reflected the weight loss data. Despite the extra corn fed, daily feed costs for cows limit-fed corn were only $.81/cow, whereas costs for cows fed hay free choice were $1.37/cow. As in Trial 1, birth weight was greater ( P < .01) for calves from cows limit-fed corn than for calves from cows fed hay. Calves from cows fed corn the previous winter had 6.6-kg heavier weaning weights than those from cows fed hay, but this difference was not significant ( P > .10). Conception rate of cows wintered on hay was low (73.2%), indicating their weight loss from November through calving was excessive and hindered their ability to rebreed.
Trial 4. Gestating heifers supplemented with monensin were fed 7.6% less DM than control heifers; however, their gain was not affected ( P > .7) adversely relative to that of control heifers (63.5 vs 54.8 kg, respectively; Table 5 ). Gestation diet did not affect post-trial heifer production (data not shown).
Trial 5. There was a nonsignificant ( P > .4) increase in BW gain when monensin-supplemented heifers were fed the same amount of DM as control heifers (69.2 vs 59.6 kg, respectively; Table 5 ). Gestation diet did not affect post-trial heifer production (data not shown). 
Discussion
Cows adjusted to the corn-based diet without problems. In Trials 2 and 3 when monensin was included in the supplement, no off-feed problems were observed. Not surprisingly, limit-fed cows showed behavioral signs of being hungry even though they had a caloric intake similar to that of cows fed hay free choice (approximately 14 Mcal of NE m per day). The optimal hay intake for cows fed a corn-based gestation diet has not been investigated. Approximately 1 kg of hay/d was fed in the trials reported here. No negative effects on performance were noted; however, the cows did consume bark on trees present in the drylot. A small increase in hay would likely improve the contentment of the cows (at an increased cost). Summarizing all three trials, performance was similar for cows limit-fed corn and those fed hay free choice during the winter. There was an increase in calf birth weight in Trials 2 and 3 when corn was fed in gestation, but no increase in calving difficulty was observed. Calf weaning weight and cow conception rate tended to favor cows limit-fed corn over those fed hay. Cows fed corn-based diets had slightly higher variation in weight change during the winter than those fed hay.
Limit-feeding corn as an alternative to hay has been investigated for situations in which maximum energy intake is not desirable. Steers fed a grainbased diet at a restricted intake had backgrounding performance similar to that of steers fed a corn silagebased diet for ad libitum intake; finishing performance was not compromised (Loerch, 1990) . Feeding cornbased diets at a restricted intake to replacement ewe lambs and ewes in gestation and lactation had no detrimental effects on performance (Susin et al., 1995a,b) .
Supplementing hay-based diets with corn reduces forage utilization and digestible OM intake (Kartchner, 1980; Chase and Hibberd, 1987) . Limit-feeding of corn-based diets avoids this negative associative effect because little forage is being fed. Ours is the first report of the efficacy of grain-based diets to meet energy needs of gestating beef cows.
By far the most dramatic difference between the two wintering systems studied was the difference in daily feed costs. The cost to feed a cow hay was nearly double that of limit-feeding corn. The breakeven price for hay would be about $.049/kg ($44/ton) when corn is priced at $.079/kg ($2.00/bu). This means if hay cannot be produced or purchased for less than $.049/ kg, feed costs could be reduced by limit-feeding corn. Every 20¢ increase in the bushel price of corn will increase the breakeven price for hay by about $2/ton. The supplement in a limit-feeding program is critical because fewer nutrients are provided by the main energy ingredient (corn in this case). The supplement used in these trials accounted for approximately 25% of the daily feed cost. Further research may reveal ways to reduce this cost and make the limit-feeding system even more economical.
In Trials 4 and 5, heifers were fed corn-based diets for 84 d (during the last trimester of pregnancy) without adverse effects on subsequent performance. The use of monensin supplementation resulted in a numerical increase in weight gain in both trials, although these increases were not significant. In Trial 4, this numerical increase in gain occurred even though monensin-supplemented heifers were fed 7.5% less feed than control heifers. In a review, Goodrich et al. (1984) concluded that beef cows can be maintained on 10% less hay when they are supplemented with 200 mg of monensin daily. In grain-based feedlot diets, monensin improves feed efficiency by 7.5% (Goodrich et al., 1984) .
Implications
Corn-based diets, fed at a restricted intake, can be used to meet nutrient needs for beef cows in gestation and early lactation without adverse affects on production. Therefore, selection of energy sources for beef cows can be made based on economics. Feed costs to
